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Abstract. —Thirty-nine Utah streams were sampled for cutthroat trout. Of these, 31 contain cutthroat or cutthroat/

rainhow hyhrid populations. By using starch gel electrophoresis, these populations were segregated into three groups.

One group consisted predominately offish from the Sevier River (of the Bonneville Basin) and Colorado drainages. A
second was primarily populations from the Bear River Drainage (Bonneville Basin) as well as some scattered

populations along the Wasatch Front (Bonneville Basin). The third consisted of Wasatch Front populations and
populations that have hybridized with rainbow trout. Since different subspecies of cutthroat trout are native to the

Colorado and Bonneville drainages, one would expect the populations from within the Bonneville Basin to be more
similar to one another and less similar to the Colorado River populations. That this did not occur raises questions

concerning the evolutionary relationships of the subspecies and the populations. It is clear that at least a northern (Bear

River) and southern (Sevier River) form of the Bonneville cutthroat exists. The Wasatch Front may represent an

intermediate zone where these two forms intergrade.

Salnio clarki, the cutthroat trout, had the

most extensive continental distribution of the

western North American native trout

(Sahnonidae, Salmu). Behnke (1981) tenta-

tively recognized 15 subspecies of cutthroat

trout associated with three major phyletic

groups: a coastal cutthroat trout, S. clarki

clarki, characterized by 68 to 70 chromo-

somes (Gold et al. 1977); an interior cutthroat

trout, S. c. leivisi, native to the upper Colum-
bia River, upper Missouri River, and the

South Saskatchewan drainages, characterized

by 66 chromosomes (Loudenslager and Thor-

gaard 1979); and a group of subspecies derived

from the Yellowstone cutthroat trout, S. c.

botwieri, which inhabit the upper Snake

River, Yellowstone River, the Great Basin,

Colorado River, South Platte River, and Rio

Grande drainages. These are characterized by

64 chromosomes (Loudenslager and Thor-

gaard 1979).

Utah's waters originally supported three

cutthroat trout subspecies —the Yellowstone,

S. c. bouvieri , the Colorado River, S. c. pleu-

riticus, and the Bonneville, S. c. Utah. The
Yellowstone cutthroat is native in the Raft

River drainage of northwestern Utah but has

now been introduced throughout Utah. The
headwaters of the Colorado River Basin (the

Green River) downstream to the Dirty Devil

River, Utah, on the west and the San Juan

drainage of Colorado, New Mexico, and Ari-

zona on the east composed the original range

of the Colorado River cutthroat (Fig. 1). This

trout has been severely impacted by man and
is now considered threatened (Miller 1972).

The Bonneville Basin (Fig. 1), situated on the

eastern edge of the Great Basin, represents

the drainage l)asin of Pleistocene Lake Bon-
neville. This basin comprises the original

range of the Bonneville cutthroat trout, S. c.

Utah . Until recently the Bonneville cutthroat

was thought to be extinct or so hybridized

with introduced trout that it was unrecogniz-

able. However, Hickman (1978) located 15

relict populations in Utah, Nevada, and Wyo-
ming, and a sizable sport fishery has now been
developed on what may be a native population

in Bear Lake at the Utah-Idaho border.

The present distribution of cutthroat trout

within the Bonneville Basin is restricted to

isolated lakes and tributaries where suitable

habitat remained following the desiccation of

pluvial Lake Bonneville. Three morphologi-

cally and ecologically differentiated groups of

populations, associated with the Snake Valley

region on the Nevada-Utah border, the Bear

River drainage in Wyoming, Idaho, and Utah,

and the central Bonneville Basin proper, are

currently recognized (Hickman and DuflP

1978, Behnke 1981). In addition to the ecolog-

ical and morphological differentiation of these
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population groups, there is evidence of ge-

netic divergence. Klar and Stalnaker (1979)

reported a distinctive LDHallele in the Snake

Valley population group. Gall and Lou-

denslager (1981), using 36 protein loci, com-

pared three populations from the Bear River

drainage and four populations from the Snake

Valley with each other and representative S.

j[
c. bouvieri, S. c. pleiiriticus , and S. c. hen-

shawi . They reported little genetic differenti-

ation within the Bear River or Snake Valley

population groups but substantial differentia-

tion between them. Moreover, the Bear River

populations were more similar genetically to

S. c. bouvieri, and the Snake Valley popula-

tions were more similar to S. c. pleuriticus

than the Bear River and Snake Valley groups

were to each other.

In this paper we present results of an elec-

trophoretic analysis of Utah cutthroat trout

populations from drainage systems not previ-

ously surveyed, using the protein systems

that distinguish Snake Valley and Bear River

cuttthroat trout from each other and rainbow

trout, S. gairdneri (Gall and Loudenslager

' 1981). The objectives were to evaluate the

genetic relatedness of these populations and
identify hybridization between native cut-

throat and introduced rainbow trout.

Methods

Thirty-nine Utah streams located in the

Wasatch-Cache, Uinta, Manti-La Sal and

Fish Lake National Forests were examined
(Fig. 2, Table 1). Both electrofishing and hook
and line were used to collect fish. Eight

streams lacked cutthroat trout populations. A
total of 550 trout from the remaining 31

streams were examined. Fish were frozen in

the field on dry ice and returned to Brigham
Young University for processing. Following

processing, specimens were preserved in for-

malin and stored in 40% isopropyl alcohol.

Tissue samples were homogenized in 0.25

Msucrose and centrifuged at 30,000 x g for 15

minutes. The resulting supernatant was ana-

lyzed with horizontal starch-gel electrophore-

sis. Four protein systems encoded by six loci

were examined: tripeptide aminopeptidase
(LGG; EC3.4. 11.4) from muscle tissue, isoci-

trate dehydrogenase (IDH-3,4; EC 1.1.1.42)

from liver tissue, malic enzyme (ME; EC

1. 1. 1.40) from liver tissue, and sorbitol dehy-
drogenase (SDH-1,2; EC 1.1.1.14) from liver

tissue (Gall and Loudenslager 1981).

Loci are designated using the nomenclature
of Allendorf and Utter (1978). An abbreviation

that corresponds to the name of a protein

designates each locus. Multiple forms of a

protein are designated with the least anodally

migrating locus as - 1, the next -2, and so on.

Allelic variants are designated according to

the relative mobility of their products, with
the most commonallele in S. gairdneri desig-

nated 100.

Allelic frequencies were determined from
the protein bands. A matrix of similarities be-

tween populations based on Nei's genetic

identity index (Nei 1972) was clustered with

the NTSYS statistical package. The un-

weighted pair-group method using arithmetic

averages (UPGMA), cluster algorithm was
used (Sneath and Sokal 1973).

Results and Discussion

Polymorphism was found in five of the six

loci examined: GCP, lDH-3, ME, and SDH-
1,2. Allelic frequencies for these loci are given

in Table 2. All of the polymorphisms have

been previously described in cutthroat trout

(Loudenslager and Gall, 1980; Gall and Lou-

denslager, 1981).

Evidence of hybridization with hatchery

rainbow trout, Salmo gairdneri. —If parental

species are monomorphic for different alleles

at a locus, or are polymorphic but share no
alleles, then that locus can be used to distin-

guish the parental species and their hybrids

(Gall and Loudenslager 1981). Two loci, GCP
and ME, examined in the present study can

be used to distinguish cutthroat trout, rain-

bow trout, and their hybrids. The GCPlocus

had two alleles, GCP (160) and GCP (100).

The GCP(160) allele was previously reported

to be: monomorphic in S. c. bouvieri, S. c.

Utah, and S. c. pleuriticus and absent in S.

gairdneri (Gall and Loudenslager 1981),

whereas the GCP(100) allele is the common
allele in hatchery S. gairdneri (Gall and Lou-

denslager 1981). Similarly, the MElocus had

two alleles, ME(125) and ME(100). ME(125)

is monomorphic in S. c. bouvieri, S. c. Utah,

and S. c. pleuriticus and absent in hatchery S.

gairdneri, whereas ME(100) is the common
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Fig. 2. Location of the 39 streams examined in this study. See Tahle 1 for the stream name and drainage basin
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Table 2. Allelic frequencies of 6 loci for 31 trout populations.

Streams

Stream number

M. Fk. W. Fk. M. Fk.

Locus Kabell Thompson Beaver Beaver Joulious Blacks Brush McKenzie
1 2 3 4 5 6 7 8

SDH-1 100

40 0.63 0.05 0.02 0.18 0.12 0.02 1.00

0.37 1.00 0.95 0.98 0.82 0.88 0.98

SDH-2 250

100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

IDH-3 170

100 1.00 1.00 1.00 1.00 1.00 l.OU 1.00 1.00

60

IDH-4 140 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00

LGG 160 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

100

ME 125 1.00 0.97 1.00 1.00 1.00 1.00 1.00 1,00

100 0.03

nti

SDH-1 100

40 0,55 1,00 1.00 1.00 0.03 1.00 1.00 0.17

0.45 0.97 0.83

SDH-2 2.50 0.13

100 1.00 1.00 1.00 0,87 1,00 1,00 1,00 1,00

IDH-3 170 0.11 0.03 0.08

100 1.00 1.00 0.89 0.97 0,92 1,00 0,97 1.00

60 0.03

IDH-4 140 1.00 1.00 1.00 1,00 1,00 1,00 1,00 1,00

LGG 160 0,95 1,00 0,68 1.00 1.00 1.00 1,00 1,00

100 0,05 0,32

ME 125 1.00 1,00 0.75 1.00 1.00 1.00 0,97 1,00

100 0.25 0.03

Table 2 continued.
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Streams

Stream number

Red N. Fk. L. Fk. Fifth

Locus Pine Am. Fk. Hobble Strawberry Shinglemill Chase Water Wanrhodes
18 19 21 22 23 24 25 27

SDH-1 100

I

40 0.25 0.25 1.00 0.50 0.97 1.00 0.50 0.36
0.75 0.75 0.50 0.03 0.50 0.64

SDH-2 250

100 1.00 1.00 1.00 1.00

lDH-3 170 0.01

100 1.00 1.00 1.00 0.99

60

1.00 1.00 1.00 1.00

1.00 1.00 1.00 0.95

0.05

IDH-4 140 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

1

LGG
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Table 3. Genetic identit\- and distance \ alues for painvise comparisons of the 31 trout populations sampled. Identity

values are above the diagonal, and distance values are below the diagonal.

Stream No. 10 11 12 13

Kabell

Thompson
M. Fk. Beaver
\\'. Fk. Bea\ er

Joulious

M. Fk. Blacks

Brush

McKenzie
Mill

Carter

Boundar>-

Meadow
Moffit

Sugarpine

Bunchgrass

Greetsen

Red Pine

N. Fk. Am. Fk.

L. Fk. Hobble

Strawbern.'

Shinglemill

Chase

Fifth \\ater

Wanrhodes
Lt.* Diamond
Holman
Nebo
Muddy
Deep
Hv Hunt
N.' Fk. North

1 —
2 .071

3 .060

4 .066

5 .037

6 .047

7 .066

.023

.002

.023

.060

.028

.067

.023

.024

.038

.026

.026

.023

.003

.020

.023

.003

27 .017

28 .014

30 .008

31 .006

36 .010

37 .071

38 .047

39 .071

.931

.001

.000

.006

.003

.000

.184

.0.54

.184

.235

.192

.001

.184

.186

.005

.011

.011

.184

.044

.173

.184

.044

.024

.021

.132

.055

.028

.000

.014

.000

.942 .936

.999 1.00

— 1.00

.000 —

.003 .004

.001 .002

.000 .000

.164

.045

.164

.217

.172

.001

.164

.167

.002

.007

.007

.164

.036

.175

.050

.175

.229

.183

.001

.175

.177

.004

.009

.009

.175

.040

.154 .165

.164 .175

.036 .040

.019 .022

.015 .019

.116

.047

.021

.125

.052

.025

.000 .000

.012 .014

.000 .000

.964

.995

.997

.996

.001

.004

.122

.025

.122

.171

.129

.005

.122

.124

.000

.001

.001

.122

.018

.113

.122

.018

.008

.005

.082

.028

.009

.005

.010

.005

.9.54 .936

.998 1.00

.999 1.00

.998 1.00

.999 .996

.002

.141

.034

.141

.191

.148

.175

.050

.175

.229

.183

.003 .001

. 141 . 175

.143 .177

.000 .004

.003 .009

.003 .009

.141 .175

.026 .040

.131 .165

.141 .175

.026 .040

.012 .022

.009 .019

.097 .125

.036 .052

.014 .025

.002 .000

.010 .014

.002 .000

.832

.848

.839

.885

.869

.8.39

.035

.000

.029

.003

.175

.000

.000

.125

.101

.101

.000

.044

.000

.000

.044

.077

.075

.004

.040

.064

.182

.132

.182

.998 .977

.947 .832

.956 .848

.951 .839

.975 .885

.967 .869

.951 .839

.965 1.00
— .965

.029

.003

.175

.000

.035

.069

.041

.051

.035

.036 .000

.026 .125

.017

.107

.035

.001

.031

.035

.001

.101

.101

.000

.044

.000

.000

.044

.009 .077

.008 .075

.016 .004

.002 .040

.005 .064

.054 .182

.032 .132

.054 .182

.942

.790

.805

.796

.843

.826

.796

.972

.934

.972

.034

.227

.029

.027

.174

.148

.148

.029

.084

.029

.029

.084

.104

.119

.035

.058

.107

.237

.144

.237

.973 .936

.825 .999

.842 .999

.833 .999

.879 .995

.862 .998

.833

.997

.960

.997

.967

.183

.003

.003

.999

.840

.951

.840

.797

.833

.175

.177

.132 .005

.108 .010

.108 .010

.003 .175

.049 .041

.003
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0,876 0.896 0.916 0.936 0.956 0.976 0.996

Genetic Identity

1 Kabell Creek

. 9 Mill Creek

.25 Fitth Water Creek

.22 Strawberry River

.31 Nebo Creek

.27 Wanrhodes Creek

.28 Little Diamond Creek

-36 Muddy Creek

. 2 Ttiompson Creek

-37 Deep Creek

-39 N. Fk. North Creek

- 3 M. Fk. Beaver Creek

. 4 W. Fk. Beaver Creek

. 7 Brush Creek

. 1 3 Moffit Creek

- 5 Joulious Creek

- 1 7 Greetsen Creek

- 6 M. Fk. Blacks Creek

- 1 8 Red Pine Creek

- 19 N. Fk. American Fk. Riv«

- 38 Hy Hunt Creek

- 8 McKenzie Creek

- 1 Carter Creek

- 1 4 Sugar Pine Creek

-21 L. Fk. Hobble Creek

- 24 Chase Creek

- 23 Shinglemill Creek

- 1 5 Bunchgrass Creek

- 30 Holman Creek

- 1 2 Meadow Creek

- 1 1 Boundary Creek

1.000

Fig. 3. Cluster dendrogram based on UPGMAclustering of the genetic identity matrix.

Utah is concentrated along the WasatchTable 4. Matrix of genetic identity among cutthroat

trout populations from drainages within the Bonneville

Basin and Colorado River. The number of sample loca-

tions for each drainage is in parenthesis, and within

drainage population identity is on the diagonal.

L Bear R. (4)

2. Sevier R. (2)

3. Wasatch Front (10)

4. Colorado River (5)

.831
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lations were originally polymorphic or mono-
morphic for SDH-1 is unknown.

Several populations in the Bonneville Basin

near Utah Lake had high SDH-1 (40) frequen-

cies. These fish are similar to the Yellowstone

cutthroat trout and may have resulted from

stocking. The highly polymorphic populations

in the area are also likely to have been influ-

enced by the activities of man. For instance,

the Diamond Fork drainage (Bonneville

basin) receives water diverted from the Straw-

berry River (Colorado River) drainage. This

would allow colonization by Yellowstone-Col-

orado cutthroat from the Strawberry River

into the Diamond Fork drainage and could

influence allele frequencies.

Because determining the original geo-

graphical variation of the native Utah cut-

throat is difficult, all streams that contain cut-

throat trout that have not hybridized with

rainbow should be given special management
consideration. Such streams need not contain

monomorphic populations since monomor-
phism may represent only the extremes of the

species variability of the subspecies. Polymor-

phic populations may still represent the na-

tive stocks as long as rainbow hybridization is

not evident. This study has advanced our

knowledge of the native cutthroat, but much
remains to be investigated. One focal area

should be the Wasatch Front, where the gra-

dation between the northeastern and south-

western Bonneville forms occurs. Another

topic that warrants study is the identification

of additional protein systems that separate the

Yellowstone from the Bear River Bonneville

form and the Snake Valley Bonneville form

from the Colorado River cutthroat. These will

be instrumental in understanding the taxo-

nomic relationships and variability of the na-

tive inland cutthroat trout.
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